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INTRODUCTION
The primary objectives of this study were to establish the levels of trace metals in sediments prior to drilling on Georges Bank and to quantify the magnitude of changes that are related to petroleum exploration activities. Some of the specific questions addressed are ( 1) Where do discharge drilling muds accumulate on Georges Bank? and (2) How much do trace metals increase as a result of accumulating drilling mud? This 1 effort supports the main thrust of the Georges Bank Monitoring Program; that is, to evaluate adverse effects of drilling effluents on bottom-dwelling organisms.
Complementary studies within the Georges Bank Monitoring Program include ( 1) the analysis of benthic infauna (Blake and others, 1983) , (2) the analysis of hydrocarbons in bottom sediments and the analysis of hydrocarbons and trace metals in benthic fauna (Payne and others, 1982) , and (3) the analysis of previous benthic infauna samples from Georges Bank (Michael and others, 1983) . The concentrations of contaminants in commercially important species of fish and shellfish on Georges Bank have been determined in ongoing programs conducted by the National Oceanic and Atmospheric Administration (Cooper and Uzmann, 1981) .
The data base for this report includes results generated during the first year of what is expected to be a 3-year program. On the first four seasonal cruises, samples were collected at 18 regional stations ( fig. 1A ) and 29 site-specific stations ( fig. lB) . The regional stations were positioned to evaluate changes with time over different environments within the entire region; for example, stations 13 and 13A are thought to be areas of deposition for material winnowed from Georges Bank (Bothner and others, 1981b) , as are stations 14 and 14A in the Gulf of Maine and stations 7 and 9 in the heads of the major submarine canyons. Station 15 is in. an area of coarse sediment that is being eroded. Given the mean flow to the west on the southern flank of Georges Bank (Butman and others, 1982a) , the stations in transect I (stations 1, 2, and 3) are considered to be upstream controls for stations among the major lease blocks (transect II) and for stations downstream _ _ of the lease blocks (transect III).
The site-specific survey, designed to monitor changes close to a rig, was centered around the platform operated by Mobil in block 312, where drilling took place between December 1981 and June 1982. A less detailed local survey was conducted with three stations (stations 16, 17, and 18) near Shell Oil Company's platform that operated in block 410 between July 1981 and March 1982.
The first cruise occurred just before drilling commenced in July 1981. Subsequent cruises were conducted in November 1981 , February 1982 , and May 1982 Cruises for the second year of the program, not discussed in this report, are on a similar schedule. The first eight exploratory wells were completed or nearly completed at the time of the fourth monitoring cruise in May 1982. Each of the exploratory wells was classified as a dry hole.
The analysis of trace-metal data completed so far and discussed in this report identifies the general trends that Site-specific array in block 312 is centered at station 5. exist both in time and space since exploratory drilling began on Georges Bank. The data have been entered into a computer data base for retrieval and also have been listed onto magnetic tape. Navigation data accompany the chemical data for each sample on tape and are compiled in appendix tables 1 A and 1 B.
The field numbers (for example, M1-13-G and M2-5-28-BL) identifying samples in each data table have the following code. The first two characters indicate the cruise number; M 1 stands for monitoring cruise 1.
The station number appears between the first dash and the alpha character(s) at the end. In the examples given, 13 is a station in the regional sample array; station 5-28 is one of the site-specific stations around regional station 5 (see figure 18) . A single alpha character at the end of the field number identifies one of three replicates taken at each station for trace-metal analysis. The notation BL at the end indicates a blended composite sample made up of equal weights from each of the three replicates. Field numbers ending Jl/1/tJR /11'1.5" 71/JA!-CIIRREIY7 Ell 1/?S"E ~ SITE~SPECIFIC SAMPLING/PLAN FIGURE 18 .-Site-specific sampling array around regional station 5. [5] [6] [7] [8] [9] [10] [11] [12] [13] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] 5...:..24, are secondary stations (of lower priority) and are presently archived.
with X indicate that analyses were performed on the fraction of sediment finer than 60 f.J.m.
FIELD SAMPLING AND SAMPLE PREPARATION
Special steps were taken to minimize contamination of sediment samples at sea. The samples for chemical analyses were collected with a 0.1-m 2 stainless steel Van Veen grab sampler with teflon coating on all surfaces in contact with sediment. A polyethylenecoated cable was used to lower the grab to the seafloor. Upon recovery of a sample, the overlying water was siphoned off with a glass tube, and the upper 2 em of material were ( 1) collected with a noncontaminating utensil, (2) placed in an acid-washed polyethylene container, and (3) frozen until analyzed. Because individual grab samples were subsampled for both trace-metal and hydrocarbon analyses, the sampler was rinsed with distilled methanol and hexane before each use.
In the laboratory, the samples were thawed, homogenized, and subsampled under a particle-free hood. Aliquots from individual grabs and sample blends made up of equal weights from the individual grabs were separated for chemical and textural analyses. Samples for chemical analyses were dried to a constant weight at 40°C in an oven with teflon-coated surfaces and a filtered nitrogen atmosphere. Dried 3 samples were ground in an agate grinder after shell or sediment particles larger than 2 mm were removed. Drill cuttings, identified by their angular edges and unusual color, were not removed.
To maximize the analytical resolution in identifying drilling mud components, sand and coarser material were removed from selected samples. Distilled water was used to wash the silts and clays through a nylon sieve with 60-f.J.m openings. The resultant slurry was dried in a teflon-coated oven, then ground and analyzed by the same methods used for whole sediments. Corrections were made for the weight of salt contributed by the interstitial water.
GRAIN-SIZE ANALYSIS TECHNIQUES
Textural analyses were performed on wet sediments to avoid the formation of clay aggregates. Homogenized samples were wet sieved on a 63-f.J.m sieve to remove silt and clay. The coarse fraction was dried, weighed, and then sieved through a 2-mm screen to remove the gravel, which was not further sized. The sand fraction was analyzed with a Rapid Sediment Analyzer (Schlee, 1966) . A gravimetric determination of the silts and clays was made by filtering. The size distribution of the silts and clays was determined with a Coulter Counter. Statistical parameters (mean, median, and standard deviation) were determined by the methods of moments (Krumbein and Pettijohn, 1938) . All textural data are expressed in phi (<1>) units, which are defined as -Log 2 D where D is the grain diameter in millimeters.
TRACE-METAL ANALYSIS PROCEDURES
The analyses of trace metals in marine sediments were carried out by the U.S. Geological Survey Branch of Analytical Laboratories, Reston, Va. Concentrations of the following elements were determined: aluminum (AI), barium (Ba), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), mercury (Hg), nickel (Ni), organic carbon (OC), vanadium (V), and zinc (Zn). The various procedures employed in each of the analyses are detailed below.
PREPARATION OF STOCK SOLUTION A
For most samples, 0.5 g of ground sediment was added to a covered teflon beaker and digested overnight with 5 mL of HC10 4 , 5 mL of HN0 3 , and 20 mL of HF at approximately 140°C. The covers were removed, and the temperature was increased to between 180° and 190°C, first producing fumes of HC10 4 and then evaporating the solution to dryness. The residue was dissolved and diluted to exactly 25 mL with 8 N HCI. This solution is referred to as stock solution A.
Two blanks containing all reagents were analyzed along with samples. All reagents were analyzed for contaminants prior to use, as is always necessary. The Canadian reference sediment standard MESS-1 and the USGS sediment standard MAG-1 also were analyzed in each set of samples. A series of solutions was prepared that approximated the concentration levels expected in the samples and was used as standards in calibrating the inductively coupled plasma (ICP) spectrometer and atomic absorption (AA) spectrophotometer. A summary of methods is presented in table 1.
PREPARATION OF STOCK SOLUTION B
Stock solution B was made by adding 10 mL of butyl acetate (distilled to remove impurities such as copper) to 15 mL of stock solution A in a 60-mL separatory funnel. This solution was vigorously agitated by an automatic shaker for 6 minutes to extract iron. The layers were separated, and the extraction step was repeated with an additional 10 mL of butyl acetate. The aqueous layer was evaporated to dryness at 150°C in a 10-mL beaker. The residue was dissolved and diluted to 25 mL with 1 N HCl.
BARIUM
The measurements for Ba were made by ICP spectrometry using 2 mL of stock solution A diluted to 4 mL with distilled H 2 0.
ALUMINUM, IRON, CHROMIUM, NICKEL, AND VANADIUM
Concentrations of AI and Fe were determined by ICP spectrometry by using 1 mL of stock solution A diluted to 10 mL with H 2 0. The measurements for Cr, Ni, and V were made by injecting 20 J.LL of diluted ( 1: 1 0) stock solution A into a graphite furnace AA spectrophotometer.
LEAD, COPPER, AND CADMIUM Fifteen mL of 0.5-percent (wei~ht:volume) diethyl·dithiocarbamic acid diethylammonium salt (DDTC) in chloroform were added to 10 mL of solution B in a 60-mL separatory funnel and mixed for 10 minutes by an automatic shaker. The chloroform layer was drained into a 30-mL beaker, and the aqueous layer washed with 10 mL of chloroform. The second chloroform layer was combined with the first, and the total volume 4 of chloroform was evaporated to dryness at 90°C. The organic matter was destroyed by adding 0. 1 mL of concentrated HN0 3 and was evaporated to dryness. This residue then was dissolved in 2 mL of warm IN HCl. The beaker was rinsed four times with 2 mL portions of H 2 0 and was transferred to a small polyethylene container. The measurements for Pb, Cu, and Cd were made by injecting 20 J.LL of the final solution into a graphite furnace AA spectrophotometer.
MANGANESE AND ZINC
The measurements for Mn were made by ICP spectrometry with a solution made by diluting 2 mL of stock solution B to 4 mL with H 2 0. Zinc was measured by flame AA directly from stock solution B.
MERCURY
Mercury concentration was determined on a separate portion of the sample. Two hundred milligrams of sediment were decomposed in a 1-oz teflon screw-top vial with 2 mL of concentrated HN0 3 and 2 mL of HC10 4 . The mixture was heated in the uncapped vial at 200°C for 1 hour. Immediately, 1 mL of concentrated HN0 3 was added; the vial was filled with H 2 0 and capped tightly until used. The sample solution then was added to a flask containing 125 mL of H 2 0 and 4 mL of 10-percent (weight:volume) SnC1 2 in 20-percent HCI. .Nitrogen was passed through the solution to remove elemental Hg, which was collected on gold foil located in the center of the coils of an induction furnace. Activation of the furnace released the Hg, which was measured by a cold vapor AA technique. Blanks, standard rocks, and internal sediment standards were analyzed with each set of samples. A series of solutions was prepared having the same Hg concentration range expected in the samples.
ORGANIC CARBON
The concentration of organic carbon was determined on samples collected during the first monitoring cruise. Analyses were carried out on a LECO carbon analyzer by combusting the ground sample that had been leached in 1 N HCl to remove carbonate.
ADDITIONAL METHODS
Results of Ba and Cr analyses on selected Georges Bank samples were cross-checked by an energy dispersive X-ray fluorescence technique. The determination Ba-------ICP (argon)-----455.4 nm
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of Ba concentration was made with a Kevex 0700 energy dispersive X-ray fluorescence spectrometer. Powdered samples of about 1 g were analyzed with a gadolinium secondary target for excitation of the Kalpha line. The ratio of Ba intensity to the gadolinium Compton Scatter intensity was used to correct for absorption effects. This ratio then was compared to a standard calibration curve to determine the concentration of Ba. The Cr concentration determination is very similar to that of Ba; however, an Fe-secondary target was used to maximize excitation efficiency. Absorption corrections were made in the same way, and the corrected intensity ratio was compared to the standard calibration curve to determine concentrations.
Selected samples were also analyzed for Ba by using a sodium-metaborate fusion technique, followed by direct current (DC) plasma emission spectrometry. Details of this method are reported by Bowker and Manheim (1982) .
ANALYTICAL PRECISION AND ACCURACY
Analytical precision was determined by periodically analyzing five replicate aliquots taken from a single sample. Coefficients of variation shown in table 2 indicate that the standard deviation is typically less than 10 percent of the mean value except for concentrations at or near the detection limit of the method.
Accuracy was determined by analyzing rock standards MESS-I and MAG-I . There is excellent agreement between our results and values established by other laboratories (table 3) . There was also excellent agreement among aliquots of samples submitted as blind replicates (appendix table 4).
To maintain our internal quality control and to provide typical sample material for interlaboratory comparisons, four sediment standards representing different textural types were prepared from large samples of Georges Bank sediments. The levels of trace metals are being established by several analytical methods. Splits of these materials are available to those interested in cross-calibration studies.
Barium sulphate (BaS0 4 ), a major component in drilling mud, is well known for its resistance to decomposition by acid attack. To check the effectiveness of our dissolution procedures, we spiked Georges Bank sediments with various amounts of standard drillingmud solids. The drilling-mud standard was provided by the Environmental Protection Agency Environmental Research Laboratory~ Gulf Breeze, Fla. Our results indicate that standard HF, HC10 4 , and HN0 3 digestion gives high precision and accuracy on all uncontami-6 nated samples and on samples spiked with 0.1-percent drilling mud. In samples containing 1-percent and tOpercent drilling mud, however, dissolution of Ba is only 85 percent and 50 percent, respectively. To circumvent this problem, we have analyzed all samples showing more than 1 ,000 ppm Ba by X-ray fluorescence (a technique that does not require BaS0 4 dissolution) or by a fusion-digestion method that yields I 00 percent of the Ba at 1 0-percent drilling-mud concentrations.
The agreement between the acid decomposition-ICP method for Ba and the fusion-DC plasma methods carried out in independent laboratories is excellent (fig. 2) ; the linear correlation coefficient is 0. 99. Other checks of Ba analyses comparing the acid decomposition technique with X-ray fluorescence yielded a correlation coefficient of 0. 98. A comparison of Cr analyses using the graphite furnace atomic absorption method with Xray fluorescence yielded a correlation coefficient of 0.95. All these correlation coefficients are significant at the 99.9 percent level of confidence.
We also have determined the precision of sediment textural data by analyzing a larger well-mixed sample repeatedly. The results (table 4) show excellent reproducibility for the weight-percent of modal" size classes, mean and median <f> sizes, and for sorting coefficient ( cr). Coefficients of variation for these parameters are usually less than 10 percent.
RESULTS AND DISCUSSION
SEDIMENT TEXTURE
The textural data from the four quarterly sampling cruises between July 1981 and May 1982 indicate that the sediments on Georges Bank are typically greater than 95 percent sand with minor amounts of gravel, silts, and clays (appendix tables 2A and 2B). The sand is quartzose, primarily medium to coarse grained, and ranges in coloration from a clear or translucent yellow to a tan iron-oxide stain; it has an angular to subrounded grain shape. Within sampling transects I, II, and III ( fig. 1 ), the content of sediment finer than 62 JJ-m (silt plus clay) increases slightly toward the shelf edge.
The concentration of silts and clays in the regional samples was generally less than 2 percent (appendix tables 2A and 2B). The relative paucity of silts and clays reflects the strong winnowing processes associated with tidal and storm-generated currents on Georges Bank (Butman and others, 1982a) . Areas that showed a significant concentration of fine sediments (less than 63 cated south of Nantucket Island. This last area, known as the Mud Patch, is thought to be a major depositional site of sediments from upstream areas on Georges Bank (Bothner and others, 198lb; Twichell and others, 1981) .
The gravel fraction is variable, and concentrations range from 0 to almost 30 percent (appendix tables 2A and 2B). The gravel is comprised of rock fragments or shell hash or a mixture of both. Drill cuttings were observed in the gravel fraction at station 16, within 200 m of the drill site in block 410, and at station 5, within 200 m of the drill site in block 312. The cuttings are angular and range in size from 2 to 8 mm, and most are gray in color. These grains effervesce in hydrochloric acid, suggesting calcite, a common subsurface mineral. The cuttings appear to be localized at the drill sites; no evidence of cuttings in the gravel fraction has been found at locations farther from the rigs.
Some seasonal changes in the texture at individual locations are expected because marked changes have been observed in the amount and composition of resuspended sediment related to major storms, which more typically occur in winter months (Bothner and others, 1981a) . A careful examination of textural change with time will be conducted during the second year of this program to determine any seasonal patterns.
The within-station textural variability of the replicate sediment samples was very low. Except for regional station 14 in the Gulf of Maine where the bottom photographs show textural contrasts on the scale of meters, the in-station variability was generally less than 2 percent for the major size classes (appendix table 2B). The mean ~ grain size determined on the blends generally falls within 10 percent of the value determined from individual replicates. This supports the use of blended replicate samples to establish the textural parameters at a given location.
TRACE METALS
The tabulated data for the metals included in this program and for organic carbon (for the first cruise only) are presented in appendix tables 3A and 3B. The samples are sorted according to cruise.
The concentrations of metals in average crustal materials and in average sandstone serve as a comparison to the predrilling metal concentrations measured in the July 1981 samples ( fig. 3) . In all cases, the highest concentration of metals was found at station 13, which has the finest sediments (56 percent sand, 23 perdent silt, and 21 percent clay). With the exception of Pb, the tlighest value observed in predrilling samples is lower than the concentration found in mean crustal rocks. This suggests that Georges Bank sediments collected on the predrilling cruise are essentially uncontaminated with respect to the heavy metals analyzed. The high levels of Pb in surficial sediments at station 13 have been documented in earlier analyses of cores Decomposition using HF-HC10 4 -HN0 3 acids and analyses using inductively coupled plasma emission (ICP) were performed by the USGS, Reston Laboratories. Decomposition using borate fusion and analyses using DC plasma emission were performed by Paul Bowker, USGS, Woods Hole Laboratories (method of Bowker and Manheim, 1982) . Dashed line has a slope of 1. (Bothner and others, 1981b) . The fluxes of stable Pb and the radioactive isotope Pb-210 are higher at this location than at other areas of the shelf, suggesting that this area is a modern sink for pollutants that are reactive with fine-grained organic-rich sediments. The observed increase in Pb is attributed to the use of tetraethyl lead in gasoline, a use that began in 1924 and has dramatically increased since 1940. Station 13 is downwind from the industrialized areas of the northeastern United States.
To illustrate the interelement variability on Georges Bank, we plotted the concentrations of metals, organic carbon, and fine-grained sediments at each regional station of the monitoring program ' (fig. 4 ). For contrast, we have included average values measured in Boston Harbor, an area known to be contaminated with industrial and domestic wastes (Fitzgerald, 1980) . The stations are listed in the order of increasing water depth. Similar relative changes in the variables at different locations are interpreted to reflect the strong dependence of metal concentration on the amount of organic matter and fine sediments in this uncontaminated environment. By contrast, the sediments of Boston Harbor have much higher concentrations of metals than would be predicted by the apparent metals-carbon-fine sediment relation observed for stations of the monitoring program.
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Ba {ppm) (Krauskopf, 1967) and average sandstone (Turekian and Wedepohl, 1961) and high value, low value, and mean value for sediments collected by the Georges Bank Monitoring Program in July 1981 (predrilling). Numbers above columns are actual concentrations. the rig position. Although tidal currents and storm currents can reverse the mean current flow, stations to the west of drill rigs in this area can be expected to be more heavily impacted by drilling muds than those to the east.
At station 16, located within 200 m of the drill rig in block 410, average Ba concentrations have increased by a factor of about 3. 5. The large standard deviation among the three replicate grab samples indicates that Ba is not distributed homogeneously over the sampling area. There appears to be an increase of smaller magnitude at station 18 and perhaps a slight increase at station 17. To put these results in perspective, however, the Ba levels measured after 6 months of drilling in block 410 do not exceed the concentration range for this element as measured in predrilling samples collected from other areas of the bank. The analysis of Cr in these same samples ( fig. 6 ) reveals no systematic increases of this metal in the bottom sediments in the vicinity of this well. The preliminary analysis of data on other metals also shows no systematic increase with time.
In block 312, the location of our site-specific survey, increases in Ba were observable following the initiation of drilling on December 8, 1981. Figure 7 shows the rate of increase at the central station closest to the drill site and at selected stations to the north, south, east, and west of it. The magnitude of Ba increase between the first and fourth monitoring cruises for all primary site-specific stations is shown in figure 8 . Increases by more than a factor of 2 were observed at the drill site and at station 5-2, 0.5 km to the east, and station 5-8, 1 km to the north. Within a 6-km radius around the drill rig, the distribution of Ba appears to be somewhat more biased to the west than in other directions; analyses of the secondary stations would help to confirm this trend. The apparently higher Ba increases toward the west are consistent with the expected transport of drilling effluents with the mean current flow as defined by Butman and others (1982a) .
ANALYSIS OF THE FINE FRACTION
The sediment fraction coarser than 60 J.tm was removed to concentrate the metals introduced with drilling muds and, thus, to improve our ability to identify changes over time. Within the fine fraction, the average Ba concentrations show an increase of 
'.ox··. fig. 9 ). Increases in AI, Cr ( fig. 10 ), Cu, and Hg conc.entrations in the fine fraction were observed only at station 16. The increases at the time of the third cruise were about 2 times the concentration measured on samples collected before drilling. The highest concentrations measured were equivalent to the levels in average crustal material. Subsequently, by the time of the fourth cruise (postdrilling), the concentrations of 12
In the vicinity of drilling at block 312, the analysis of the fine fraction shows a Ba increase by a factor of as much as 22 between the M1 and M4 cruises ( fig.  11 ). This is much higher than the increase measured by analyzing the bulk sediment ( fig. 8) 
STA. 2 INVENTORY OF DRILLING FLUIDS IN SEDIMENTS OF SITE-SPECIFIC SURVEY
From the detailed sample array at block 312, the amount of barite added to the surficial sediment within~ 6 km of the drill site can be estimated. As of the fourth monitoring cruise (May 13, 1982) , the total usage of barite was about 1,980,000 lb, and the amount in circulation (amount in the hole plus amount in the mud pits) was 630,000 lb (E. P. Danenberger, oral commun., July 19, 1982) . The difference, 1,350,000 lb, is the amount assumed lost to the local waters during drilling. The magnitude of Ba increase at each of the primary site-specific locations was determined by subtracting the concentration measured during the predrilling M 1 cruise from that measured on the M4 cruise. The magnitude of the increase observed at any given radial distance from the rig ( fig. 12 ) is variable, probably because the drilling muds and cuttings are discharged at a nonuniform rate into a tidal-current field that continuously changes direction. We assume that the average concentration increase at each radial distance from the rig site is representative of the entire annulus (as indicated in fig. 12 ). We also assume that the increased Ba is contained within the sampling depth interval of 0 to 2 em. This distribution will be carefully checked during the second year of the program by analyzing undisturbed gravity cores over the interval from 0 to 20 em. The inventory of barite is calculated from the field data with the following relation:
where A =area of each annulus, d =density of dry sediment, Z=depth interval (2 em), Cn=net concentration increase of Ba, and BaSOJ0.85 Ba is the ratio of molecular weights corrected for the estimated 85 percent BaS0 4 concentration in mined barite.
The total barite added to the sediments within 6 km of the drill rig is 281,000 lb, or approximately 21 percent of the 1,350,000 lb lost to the environment. At distances greater than 6 km in both upstream (stations 14 1-3) and downstream directions (stations 9, 10, 11 , 12, 13), we observed no systematic increase in Ba.
With the knowledge that the Ba concentration increases by an average of 36 ppm within 0.5 km of drill rig, the expected increase of Cr and other metals discharged with drilling fluids can be estimated. This approach assumes that the relative increase of metals in sediments will be proportional to their concentration in drilling fluids and that the metals behave chemically and physically like Ba. Because Cr, for example, is associated with chrom-lignosulfonate, which may be more soluble or more easily dispersed than the insoluble and heavy BaS0 4 , the calculated increase in Cr is likely to be an upper limit. This increase is too small to resolve analytically given a background concentration of 10 ppm Cr. The Cr analysis of samples around the rigs shows no increase in Cr as a result of drilling, a finding, that agrees with this calculation.
TRACE-METAL ANALYSIS OF SEDIMENT-TRAP SAMPLES
Sediment traps have been positioned on Georges Bank and in Lydonia Canyon near the seafloor to collect material that is generated in surface waters and material that is resuspended from the bottom. We have analyzed sediment from several traps that were de- ployed at various locations (table 5) on the bank and ,in Lydonia Canyon as part of a sediment dynamics program (Butman and others, 1982b) . Most of these traps were deployed before drilling began and thus indicate the background levels of the metals analyzed (table 6) . Traps 312-425A and 312-427A were deployed during the drilling on block 312 at positions 1 km to the west and 6 km to the east of the drill site, respectively. The preliminary analytical results on these traps suggest that material discharged from the rigs is carried toward the west. The magnitude of Ba increase in the suspended matter of trap 312-425A is about 3 times background levels, similar to the magnitude of increase observed in the bottom sediments. No corresponding increases in Cr concentrations are observed in the sediment-trap samples (table 6).
SUMMARY OF IMPORTANT PRELIMINARY FINDINGS
Barium (present in barite, a major constituent of drilling mud)has increased by a factor of 3.5 in bulk (unfractionated) sediments 200 m from the drill site in block 410 since drilling began in July 1981 . Average Ba concentrations have increased from 30 to 107 ppm. Smaller increases were observed at distances of 2,000 m from this site. In block 312, at the center of a sitespecific survey, the Ba concentration in bulk sediment has increased by a factor of 2.3 (40-91 ppm) since drilling began. Increases of smaller magnitude have been measured to a distance of 6 km from the rig. To put the magnitude of Ba increases into perspective, Ba concentrations in excess of 100 ppm have been measured in samples collected at some locations on the bank before drilling began. No drilling-related changes in the concentration of Cr or other metals have been observed in bulk sediments from block 410 or block 312 since drilling began.
Separation and analysis of the sediment fraction finer than 62 J.Lm from generally coarse sediments on Georges Bank have improved our ability to map the distribution of drilling mud in sediments. This fraction typically represents less than 3 percent of the sediments on Georges Bank. Barium in the fine fraction near the rig at block 410 increased by a factor of36(242-8,640 ppm), compared to a measured increase of 3.5 times in the bulk sample. An increase of up to 22 times was observed in the Ba concentration of the fine fraction near the drill site at block 312.
Increases in AI, Cr, Cu, and Hg concentrations in the fine fraction were observed only at the drill site in block 410. The increases at the time of the third cruise (during drilling) were about 2 times the concentrations measured on the predrilling cruise. The highest concentrations measured were equivalent to the levels in average crustal material. Subsequently, by the time of the fourth cruise (postdrilling), the concentrations of these metals at block 410 had decreased and were similar to predrilling levels. We estimate that 21 percent of the barite discharged during drilling operations remains within 6 km of the drill site in block 312. Somewhat higher concentrations are found toward the west than toward the east because of a mean westerly flow on this part of the bank.
The trace-metal levels in Georges Bank sediments collected before drilling began are low compared to average crustal abundances and are characteristic of unpolluted coarse-grained sediments. The metals analyzed included AI, Ba, Cd, Cr, Cu, Fe, Mn, Hg, Ni, Pb, V, and Zn, as well as organic carbon. Values of Pb higher than average crustal abundances were measured only at the location south of Martha's Vineyard where finegrained sediments are accumulating, and previous studies have suggested tetraethyl lead from gasoline as a source of the elevated Pb concentrations in this area.
APPENDIX TABLE 1 A.-Navigation data for station blends analyzed for chemistry [TI (Caribou, Maine) 
